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(57) ABSTRACT 

In a transmitter 2A, after an output level of a modulated 
signal is regulated by a ?rst gain regulator 5A, the signal is 
transmitted from a ?rst antenna 8A Without delay, and after 
the modulated signal is delayed by a delay unit 6A and an 
output level of the delay output is regulated by a second gain 
regulator 7A, this signal is transmitted from a second 
antenna 9A. Similarly, in a transmitter 2B, after an output 
level of a modulated signal is regulated by a ?rst gain 
regulator 5B, the signal is transmitted from a ?rst antenna 
8B Without delay, and after the modulated signal is delayed 
by a delay unit 6B and an output level of the delay output is 
regulated by a second gain regulator 7B, this signal is 
transmitted from a second antenna 9B. A receiver 3 receives 
the transmitted signals from the four antennas 8A, 8B, 9A 
and 9B via an antenna 10, and executes a demodulation 
process. 
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RADIO COMMUNICATION SYSTEM, A 
TRANSMITTER AND A RECEIVER 

TECHNICAL FIELD 

[0001] The present invention relates to a radio communi 
cation system including a mobile phone and a portable 
telephone. More speci?cally, this invention relates to a radio 
communication system, transmitter and receiver Which are 
capable of covering a Wide area With a simple structure 
under the environment such that a plurality of transmitters 
transmit same signals With same frequencies. 

BACKGROUND ART 

[0002] Amobile phone system generally comprises a base 
station Which is connected With a communication netWork 
and a mobile station such as portable telephone or the like. 
In this system, a communicable distance betWeen the base 
station and the mobile station is closely related to the 
transmittable poWer. Therefore, in order to cover a Wide 
area, a method of transmitting same signals With same 
frequencies from a plurality of base stations is considered. 

[0003] There Will be concretely explained beloW a con 
ventional radio communication system With reference to 
draWings. For example, FIG. 11 is a diagram shoWing a 
structure of the conventional radio communication system 
having a structure for covering a Wide area. In FIG. 11, 
legends 107A and 107B represent base stations, legend 101 
represents a transmission information input terminal into 
Which transmission information is input from a netWork. 
Legends 102A and 102B represent modulators, legends 
103A and 103B represent antennas of the base stations, 
legends 104 represents a mobile station, and legend 105 
represents an antenna of the mobile station. Here, an internal 
structure of the base stations 107A and 107B Will be 
described concentrating at the modulators 102A and 102B 
Which have the most important function. The base station 
107A transmits information via the antenna 103A. Similarly 
the base station 107B transmits information via the antenna 
103B. The mobile station 104 receives transmitted signals 
from the tWo base stations 107A and 107B via the antenna 
105. 

[0004] In the radio communication system having the 
above structure, normally the radio Wave environment is 
determined by a positional relationship betWeen the mobile 
station 104 and the base stations 107A and 107B. FIG. 12 is 
a timing chart shoWing radio Wave propagation in the 
conventional radio communication system. For example, the 
mobile station 104 receives the transmitted signals from the 
tWo base stations 107A and 107B simultaneously so that 
Wide range coverage can be realiZed. HoWever, as shoWn in 
FIG. 12, in a speci?ed area (in the case Where distances 
betWeen the mobile station 104 and the tWo base stations are 
approximately equal), the poWer of the signal RA received 
from the base station 107A is equal to the poWer of the signal 
RB received from the base station 107B, but their polarities 
become occasionally opposite to each other. In this case, the 
tWo received signals RA and RB offsets each other, and 
When they are synthesiZed, no signal exists. 

[0005] Another example of the conventional radio com 
munication system is a radio communication system dis 
closed in Patent Gazette No. 2572765. For example, in this 
radio communication system, a base station is provided With 
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a plurality of antennas, and a method of delaying transmis 
sion signals by not less than 1 symbol by means of a delay 
unit is used. As a result, the radio communication system 
Which covers a Wider area can be realiZed. FIG. 13 is a 

diagram shoWing a structure of such a radio communication 
system Where a plurality of antennas are provided to the base 
station and Which point is different from FIG. 11. In FIG. 13, 
legend 107 represents a base station, legend 101 represents 
a transmission information input terminal Where transmis 
sion information is input from a netWork, and legend 102 
represents a modulator. Further, legend 103A represents a 
?rst antenna of the base station 107, legend 106 represents 
a delay unit, legend 103C represents a second antenna of the 
base station 107, legend 104 represents a mobile station and 
legend 105 represents an antenna of the mobile station 104. 

[0006] In the radio communication system having the 
above structure, the base station 107 transmits information 
via the ?rst antenna 103A, and the delay unit 106 delays the 
same information by not less than 1 symbol. Thereafter, the 
base station 107 transmits the information via the second 
antenna 103C. The mobile station 104 receives signals 
transmitted from the tWo antennas 103A and 103C of the 
base station 107 via the antenna 105. At this time, since the 
signals from the tWo antennas on the transmission side have 
time difference of not less than 1 symbol, the time difference 
is corrected by an equaliZer in the mobile station 104. 

[0007] Further, in the radio communication system shoWn 
in FIG. 13, if the radio Wave environments in the transmis 
sion antennas 103A and 103C are independent of each other, 
the phenomenon such that the received signals offset each 
other and no signal exists can be eliminated by a diversity 
effect. As a result, the characteristic can be improved. 
HoWever, in this structure, the base station is only one, and 
the transmission signals are delayed by not less than 1 
symbol. For this reason, a circuit siZe of the equaliZer in the 
mobile station is disadvantageously increased, and thus this 
structure is insuf?cient to solve the problem. 

[0008] That is, as shoWn in FIG. 11, When the radio 
communication system Which covers a Wide area is realiZed, 
there arises a problem that the signals from a plurality of 
base stations offset each other and reception of the signals is 
dif?cult in a speci?ed position. On the other hand, as shoWn 
in FIG. 13, When the base station outputs a normal trans 
mission signal and a transmission signal delayed from the 
normal transmission signal, there arises a problem that the 
structure of the equaliZer on the receiving side becomes 
complicated. 
[0009] The present invention is devised in order to solve 
the above problems. It is an object of the invention to 
provide a radio communication system, transmitter and 
receiver Which previously prevent the phenomenon that all 
signals decay after synthesiZation in mobile stations betWeen 
a plurality of base stations and are capable of covering a 
Wide area With a simple structure. 

DISCLOSURE OF THE INVENTION 

[0010] A radio communication system according to one 
aspect is constituted so that a plurality of transmitters 
transmit same signals With same frequencies and a receiver 
receives these signals, and is further characterized in that at 
least one antenna is provided to each of said transmitters, 
and arbitrary delay is given (including a case Where no delay 
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is given) to the signals to be transmitted from said antennas 
so that output power Which is different from at least one 
delay output in the other transmitters is set in each of said 
transmitters . 

[0011] According to the above invention, an arbitrary 
delay can be given to respective antennas, and at least one 
delay output in the transmitters is set so that the output 
poWers are different from each other. As a result, all the 
signals do not decay after synthesization. Moreover, the 
transmitters set radio Wave environments of the antennas 
independently so that the characteristic is improved by a 
diversity effect. Further, the delay can be set so as not to be 
not less than 1 symbol so that a circuit size of the equalizer 
(not shoWn) in the receiver is reduced further than the 
conventional art. 

[0012] A radio communication system according to 
another aspect is characterized in that in the case Where 
different delays (including the case of no delay) as the 
arbitrary delays are given respectively to the plurality of 
antennas in the transmitters, a combination of output poWers 
Which is different from corresponding delay outputs in the 
other transmitters is set in the respective transmitters. 

[0013] According to the above invention, combinations of 
the transmission poWers in the delay outputs from a plurality 
of antennas of the transmitters are different betWeen the 
adjacent transmitters. As a result, a conventionally occurring 
phenomenon that a ?ltered signal decays in a speci?ed area 
is previously prevented. Moreover, the radio Wave environ 
ments of the antennas are set independently so that the 
characteristic is improved by the diversity effect. Further, the 
delay can be set so as not to be not less than 1 symbol so that 
the circuit size of the equalizer in the receiver is reduced. 

[0014] A radio communication system according to 
another aspect is characterized in that an equalizer in the 
receiver demodulates a signal transmitted from at least one 
antenna in each of the transmitters. 

[0015] According to the above invention, the receiver 
demodulates the delay outputs With different transmission 
poWers in the adjacent base stations from a plurality of the 
antennas using the equalizer. 

[0016] A radio communication system according to 
another aspect is constituted so that a plurality of transmit 
ters transmit same signals With same frequencies and a 
receiver receives these signals, and is characterized in that at 
least one antenna is provided to each of the transmitters, and 
signals Which are supplied to respective antennas are signals 
Which are obtained by differently delaying modulated sig 
nals and carrying out Weighting synthesization (including 
complex number) on them, and at least one of delay amount 
and Weighting factor in each of the transmitters is set to a 
value different from the other transmitters. 

[0017] According to the above invention, at least one of 
the delay amount and Weighting factor in the transmitters is 
set to a different value betWeen the adjacent transmitters so 
that the conventionally occurring phenomenon that the ?l 
tered signal decays in a speci?ed area is previously pre 
vented. Moreover, even if the transmitters have only one 
antenna, the same effect as that of the structure having a 
plurality of antennas can be produced. Further, the delay can 
be set so as not to be not less than 1 symbol so that the circuit 
size of the equalizer in the receiver is reduced. 
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[0018] A radio communication system according to 
another aspect is characterized in that an equalizer in the 
receiver demodulates a signal transmitted from at least one 
antenna in each of the transmitters. 

[0019] According to the above invention, the receiver 
demodulates the ?ltered signals from a plurality of antennas 
using the equalizer. 

[0020] A radio communication system according to 
another aspect is constituted so as to have a plurality of 
antennas each transmitting same signal and a receiver that 
receives these signals, and is characterized in that signals 
Which are supplied to the plurality of antennas are signals 
Which are obtained by differently delaying modulated sig 
nals and by carrying out Weighting synthesization on them, 
and at least one of delay amount and Weighting factor is set 
to different values in each of the antennas. 

[0021] According to the above invention, at least one of 
the delay amount and Weighting factor in the signal ?ltering 
sections corresponding to the plural antennas in one trans 
mitter is set to a different value betWeen the adjacent 
antennas so that the conventionally occurring phenomenon 
that the ?ltered signals decays in a speci?ed area is previ 
ously prevented. Moreover, even if the transmitters have 
only one antenna, the same effect as that of the structure 
having a plurality of antennas can be produced. Further, the 
delay can be set so as not to be not less than 1 symbol so that 
the circuit size of the equalizer in the receiver is reduced. 

[0022] A radio communication system according to 
another aspect is characterized in that an equalizer in the 
receiver demodulates signals transmitted from the plurality 
of antennas. 

[0023] According to the above invention, the receiver 
demodulates the ?ltered signals from the plural antennas 
using the equalizer. 

[0024] A transmitter according to another aspect is char 
acterized in that in the case Where a plurality of transmitters 
transmit same signals With same frequencies, at least one 
antenna is provided, and an arbitrary delay (including a case 
of no delay) is given to the antenna so that an output poWer 
Which is different from at least one delay output in the other 
transmitters is set. 

[0025] According to the above invention, arbitrary delay 
can be applied to the antennas, and at least one delay output 
in the transmitters is set so that the output poWers are 
different from each other. As a result, all the signals do not 
decay after synthesization. Moreover, the transmitters set the 
radio Wave environments of the antennas independently. 

[0026] A transmitter according to another aspect is char 
acterized in that in the case Where different delays (including 
the case of no delay) as arbitrary delays are given to a 
plurality of antennas, a combination of output poWers Which 
is different from corresponding delay outputs in the other 
transmitters is set. 

[0027] According to the above invention, combinations of 
transmission poWers in the delay outputs from the plural 
antennas of respective transmitters are different betWeen the 
adjacent transmitters so that the conventionally occurring 
phenomenon that the ?ltered signals decay in a speci?ed 
area is previously prevented. Moreover, the radio Wave 
environments of the antennas are set independently. 
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[0028] A transmitter according to another aspect is char 
acteriZed in that in the case Where a plurality of transmitters 
transmit same signals With same frequencies, at least one 
antenna is provided, and signals Which are supplied to 
respective antennas are signals Which are obtained by dif 
ferently delaying modulated signals and by carrying out 
Weighting synthesiZation (including complex number) on 
them, and at least one of delay amount and Weighting factor 
is set to a value different from the other transmitters. 

[0029] According to the above invention, at least one of 
the delay amount and Weighting factor in the transmitters is 
set to different values betWeen the adjacent transmitters so 
that the conventional occurring phenomenon that the ?ltered 
signals erupt in a speci?ed information is previously pre 
vented. 

[0030] A transmitter according to another aspect is char 
acteriZed in that in the case Where same signals are trans 
mitted from a plurality of antennas, signals Which are 
supplied to respective antennas are signals Which are 
obtained by differently delaying modulated signals and by 
carrying out Weighting synthesiZation on them, and at least 
one of delay amount and Weighting factor is set to different 
values in the antennas. 

[0031] According to the above invention, at least one of 
the delay amount and Weighting factor in respective signal 
?ltering sections corresponding to the plural antennas of one 
transmitter is set to a different value betWeen the adjacent 
antennas so that the conventionally occurring phenomenon 
that the ?ltered signals erupt in a speci?ed area is previously 
prevented. 

[0032] A receiver according to another aspect is charac 
teriZed such that it demodulates same signals Which are 
transmitted from a plurality of antennas in a plurality of 
transmitters . 

[0033] According to the above invention, the receiver 
demodulates the signals output (delay signals or ?ltered 
signals) from a plurality of antennas using the equalizer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a diagram shoWing a structure of a radio 
communication system according to a ?rst embodiment of 
the present invention; 

[0035] FIG. 2 is a timing chart shoWing radio Wave 
propagation in the radio communication system according to 
the ?rst embodiment, 

[0036] FIG. 3 is a timing chart shoWing radio Wave 
propagation in the radio communication system Which is 
operated by a condition different from one shoWn in FIG. 2; 

[0037] FIG. 4 is a diagram shoWing a concrete example in 
the case Where the radio communication system of the 
present invention is applied to communication betWeen a 
base station and a mobile station; 

[0038] FIG. 5 is a diagram shoWing a structure of the radio 
communication system according to a second embodiment 
of the present invention; 

[0039] FIG. 6 is a diagram shoWing a structure of signal 
?ltering sections 11A and 11B; 
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[0040] FIG. 7 is a timing chart shoWing the radio Wave 
propagation in the radio communication system according to 
the second embodiment; 

[0041] FIG. 8 is a diagram shoWing a concrete example in 
the case Where the radio communication system of the 
present invention is applied to communication betWeen the 
base station and the mobile station; 

[0042] FIG. 9 is a diagram shoWing a structure of the radio 
communication system according to a third embodiment of 
the present invention; 

[0043] FIG. 10 is a diagram shoWing a concrete example 
in the case Where the radio communication system of the 
present invention is applied to communication betWeen the 
base station and the mobile station; 

[0044] FIG. 11 is a diagram shoWing a structure of a 
conventional radio communication system; 

[0045] FIG. 12 is a timing chart shoWing radio Wave 
propagation in the conventional radio communication sys 
tem; and 

[0046] FIG. 13 is a diagram shoWing a structure of a radio 
communication system different from the one shoWn in FIG. 
11. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0047] In order to further detail the present invention, 
there Will be explained beloW embodiments of the present 
invention With reference to the attached draWings. 

[0048] First of all, the structure of the radio communica 
tion system of the present invention Will be explained. FIG. 
1 shoWs the structure of the radio communication system 
according to a ?rst embodiment of the present invention. In 
FIG. 1, legend 1 represents a transmission information input 
terminal, legends 2A and 2B represents transmitters, legend 
3 represents a receiver, and legends 4A and 4B represent 
modulators. Further, legends 5A and 5B represent ?rst gain 
adjuster, legends 6A and 6B represent delay units, and 
legends 7A and 7B represent second gain adjuster. Further, 
legends 8A and 8B represent ?rst antennas, legends 9A and 
9B represent second antennas, and legend 10 an antenna of 
the receiver 3. 

[0049] The radio communication system having the above 
structure is constituted so that at least one antenna (tWo 
antennas have been shoWn in the ?gure for convenience of 
explanation) is provided in each of the transmitters 2A and 
2B (only tWo transmitters have been shoWn in the ?gure for 
convenience of explanation). For example, signals to be 
transmitted from the antennas 9A and 9B are delayed 
arbitrarily (including a case Where no delay is given) by each 
of the delay units 6A and 6B. At this time, the delay outputs 
from the transmitters are set so that their output poWers are 
different from each other. The transmitters transmit the 
signals With the set output poWers from respective antennas. 

[0050] In the present embodiment, tWo transmitters have 
been shoWn for the convenience of explanation, but the 
present invention is not limited to this. That is, three or more 
transmitters may be provided. Similarly, tWo antennas have 
been shoWn in each of the transmitters, but the present 
invention is not limited to this. That is, any number of 
antennas may be used. 
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[0051] The structure shown in the base station of FIG. 1 is 
the one that are required to ful?ll all the important functions. 
For example, this function includes a case Where an up 
converting process for converting a base band signal into RF 
frequency has been performed at the time of outputting from 
the modulators 4A and 4B, a case Where the process is 
performed after the delay process, or a case Where the 
process is performed after gain regulation and all these 
cases. Further, respective antennas include a leakage coaxial 
cable or the like, for example, Which has the same function 
as a normal antenna. Moreover, as for the modulators 4A and 
4B and the delay units 6A and 6B, their structures can be 
simpli?ed by using one of them commonly to the tWo 
functions. 

[0052] In the present embodiment, arbitrary delay is given 
to the respective antennas, and at least one delay output 
betWeen the transmitters is set so as to have a different 

output poWer. For this reason, all the signals do not decay 
after synthesiZation. Moreover, the respective transmitters 
set their radio Wave environments independently so that the 
characteristic can be improved by the diversity e?‘ect. Fur 
ther, the delay cannot be optionally set to not less than 1 
symbol, and a circuit siZe of an equalizer (not shoWn) can be 
reduced greatly as compared to the conventional one. 

[0053] Operation of the radio communication system hav 
ing the above structure Will be explained here. For example, 
in the transmitter 2A, after an output level of the signal to be 
transmitted is regulated by the ?rst gain regulator 5A, the 
signal is transmitted from the ?rst antenna 8A Without delay. 
On the other hand, the signal is delayed by the delay unit 6A. 
The output level of this signal is further regulated by the 
second gain regulator 7A so as to be transmitted from the 
second antenna 9A. Similarly, in the transmitter 2B, after an 
output level of the signal to be transmitted is regulated by the 
?rst gain regulator 5B, the signal is transmitted from the ?rst 
antenna 8B Without delay. On the other hand, the signal is 
delayed by the delay unit 6B. The output level of this signal 
is regulated by the second gain regulator 7B so as to be 
transmitted from the second antenna 9B. The receiver 3 
receives the signals transmitted from the four antennas 8A, 
8B, 9A and 9B via the antenna 10 and executes the demodu 
lation process. 

[0054] FIG. 2 is a timing chart shoWing radio Wave 
propagation of the radio communication system according to 
the present embodiment. In the present embodiment, the 
delay values of the delay units 6A and 6B are equal, further, 
the gains of the ?rst gain regulator 5A (transmitter 2A) and 
the second gain regulator 7B (transmitter 2B) are equal, and 
the gains of the second gain regulator 7A (transmitter 2A) 
and the ?rst gain regulator 5B (transmitter 2B) are equal. 
HoWever, the gains of the ?rst gain adjuster and the second 
gain adjuster in the respective transmitters are not same. 
Namely, as for the delay outputs betWeen the adjacent 
transmitters (the combinations of the ?rst antennas 8A and 
8B and the second antennas 9A and 9B), the gains are set so 
that transmission poWers are different from each other. Such 
setting in the present embodiment is just an example of the 
operation in the radio communication system of the present 
invention. For example, as mentioned above, at least one 
delay output betWeen the transmitters may be set so that its 
output poWer is different from the other. 

[0055] Normally, the distance betWeen the ?rst antenna 8A 
and the second antenna 9A in the transmitters 2A is negli 
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gibly small as compared to the distance betWeen tWo trans 
mitters. Similarly, the distance betWeen the ?rst antenna 8B 
and the second antenna 9B in the transmitter 2B is negligibly 
small as compared to the distance betWeen the transmitters. 
Therefore, in this structure, a condition that a signal receiv 
ing environment becomes the most strict is the case Where 
the receiver 3 is positioned at almost half Way betWeen tWo 
transmitters. Further, in the receiver 3, the received signal 
level becomes the loWest When the delay values of the delay 
units 6A and 6B are the same as shoWn in FIG. 2, and When 
a signal component RA from the ?rst antenna 8A in the 
transmitter 2A and a signal component RB from the ?rst 
antenna 8B in the transmitter 2B have opposite phases, and 
a signal component RC from the second antenna 9A in the 
transmitter 2A and a signal component RD from the second 
antenna 9B in the transmitter 2B have opposite phases. 

[0056] In the radio communication system of the present 
embodiment, gains of the ?rst gain regulator 5A and the ?rst 
gain regulator 5B are different from the gains of the second 
gain regulator 7A and the second gain regulator 7B. For this 
reason, in the above explained cases, even if the received 
signals With the same delay amount are input With opposite 
phases, the received signals never o?‘set each other com 
pletely and therefore remain. Precisely, in FIG. 2, tWo 
signals of a signal component CA and a signal component 
CC as ?ltered signals Whose delay amounts are different 
remain. 

[0057] MeanWhile, if the signal component RC from the 
second antenna 9A in the transmitter 2A and the signal 
component RD from the second antenna 9B in the trans 
mitter 2B have di?cerent phases and the signal levels are 
equal, the radio communication system according to the 
present embodiment operates as folloWs. This condition can 
be satis?ed under the environment that the receiver 3 exists 
near the transmitter 2A. FIG. 3 is a timing chart shoWing 
radio Wave propagation in the radio communication system 
in the above case. 

[0058] In this case, as for the signal component RA from 
the ?rst antenna 8A and the signal component RB from the 
?rst antenna 8B, the level of the signal component RA 
becomes alWays high. For this reason, in the receiver 3, for 
example, the signal component RC from the second antenna 
9A o?csets the signal component RD from the second 
antenna 9B, but the signal component RA does not o?‘set the 
signal component RB. For this reason, the signal compo 
nents alWays remain. 

[0059] In the present embodiment, the combinations of the 
transmission poWers in the delay outputs (including no 
delay) from a plurality of antennas of the respective trans 
mitters are different from each other betWeen the adjacent 
transmitters. As a result, since the signal components do not 
o?‘set each other, the conventionally-occurring phenomenon 
that the signal after the synthesiZation decays in a speci?ed 
area can be previously prevented. Moreover, the radio Wave 
environment of the antennas is set independently so that the 
characteristic can be improved by the diversity e?‘ect. Fur 
ther, since the delay can be set so as not to be more than 1 
symbol, the circuit siZe of the equaliZer in the receiver can 
be reduced greatly as compared to the conventional one. 

[0060] FIG. 4 is a diagram shoWing a concrete example in 
the case Where the transmitters in the communication system 
shoWn in FIG. 1 are replaced by base stations (correspond 
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ing to base stations 31A and 32B in the diagram), and the 
receiver is replaced by a mobile station (corresponding to 
mobile station 32), and the radio communication system of 
the present invention is applied to the communication 
betWeen the base stations and the mobile station. TWo base 
stations have been shoWn in FIG. 4 for convenience of the 
explanation, but the present invention is not limited to this. 
That is, three or more base stations may be used. Moreover, 
tWo antennas are shoWn in each of the base stations, but the 
present invention is not limited to this. That is, any number 
of antennas may be used. 

[0061] FIG. 5 shoWs a structure of the radio communica 
tion system according to a second embodiment of the 
present invention. The same legends are provided to the 
parts of the structure Which are the same as those of the ?rst 
embodiment, and the explanation thereof is omitted. In FIG. 
5, 2C and 2D are transmitters, and 11A and 11B are signal 
?ltering sections. 

[0062] Further, FIG. 6 is a diagram shoWing a structure of 
the signal ?ltering sections 11A and 11B. In FIG. 6, legend 
21 represents a modulated signal input terminal, legend 22 
represents a delay unit, legend 23 represents a complex 
Weight section, legend 24 represents a synthesiZation circuit, 
and legend 25 represents a ?ltered signal output terminal. 

[0063] The radio communication system having the above 
structure is constituted so that at least one antenna (only one 
antenna is shoWn for convenience of explanation) is pro 
vided in a plurality of transmitters (only tWo transmitters are 
shoWn for convenience of explanation) 2C and 2D. Modu 
lated signals Which are output from the antennas 12A and 
12B, for example, are delayed arbitrarily by the delay units 
22 (including the case Where the signals are not delayed). 
Weight synthesiZation is executed in the synthesiZation 
circuit 24 by using the original modulated signals and the 
arbitrarily delayed modulated signals so that ?ltered signals 
are generated. Thereafter, the transmitters output transmis 
sion signals from the antennas With set output poWer. 

[0064] In the present embodiment, tWo transmitters are 
shoWn for convenience of explanation, but the present 
invention is not limited to this. That is, three or more 
transmitters may be used. Moreover, one antenna is shoWn 
in each of the transmitters, but the present invention is not 
limited to this. That is, any number of antennas may be used. 

[0065] The structure shoWn in FIG. 5 is only the one that 
is required to ful?ll all the important functions. For example, 
this function includes a case Where an up-converting process 
for converting a base band signal into RF frequency has been 
performed at the time of outputting from the modulators 4A 
and 4B, a case Where the process is performed after the delay 
process, or a case Where the process is performed after gain 
regulation and all these cases. Further, the antennas include 
a leakage coaxial cable or the like Which has the same 
function as a normal antenna. 

[0066] Operation of the radio communication system hav 
ing the above structure Will be explained here. For example, 
in the transmitter 2C, after the signal ?ltering section 11A 
executes the Weight synthesiZation on the signal modulated 
by the modulator 4A so as to generate the ?ltered signal, the 
?ltered signal is transmitted from the antenna 12A. Simi 
larly, in the transmitter 2D, after the signal ?ltering section 
11B executes the Weight synthesiZation on the signal modu 

Mar. 13, 2008 

lated by the modulator 4B so as to generate the ?ltered 
signal, the ?ltered signal is transmitted from the antenna 
12B. The receiver 3 receives the signals transmitted from the 
tWo antennas 12A and 12B via the antenna 10, and executes 
the demodulation process. 

[0067] FIG. 7 is a timing chart shoWing the radio Wave 
propagation in the radio communication system according to 
the present embodiment. The present embodiment Will 
explain the case Where after the synthesiZation sections 11A 
and 11B delay the normal modulated signals differently 
(hereinafter, one signal is not delayed), phase rotation and 
amplitude regulation are carried out in the complex Weight 
section 23, and the Weighted signals Which undergo the 
complex Weighting are synthesiZed With the original modu 
lated signals by the synthesiZation circuit 24. Here, the delay 
of the delay unit 22 in the signal ?ltering section 11A is set 
to l symbol, and a value of phase rotation/amplitude regu 
lation in the complex Weight section 23 (hereinafter, referred 
to as a Weighting factor) is set to —l (1800 phase rotation). 
Further, the delay of the delay unit 22 in the signal ?ltering 
section 11B is set to l symbol, and a Weighting factor of the 
complex Weight section 23 is set to 1 (Without phase 
rotation). The setting the delay amount and Weight factors in 
the respective signal ?ltering sections is not limited to the 
above setting, and at least one of them may be different 
betWeen the transmitters. 

[0068] In the above structure, the condition that the signal 
receiving environment becomes the most strict is the case 
Where the receiver 3 is positioned in betWeen the tWo 
transmitters. In the ?rst embodiment, since the undelayed 
signal and the delayed signal are transmitted from different 
antennas, the phase relationship betWeen these signals can 
attain any arbitrary value. HoWever, in the present embodi 
ment, since the ?ltered signals are transmitted from one 
antenna, the phase relationship betWeen these signals is 
determined constantly by the complex Weight section 23. 

[0069] In this case, in the radio communication system 
according to the present embodiment, the signal component 
RC Which is delayed in the transmitter 2C has a phase 
opposite to that of the signal component RA Which is not 
delayed in the transmitter 2C, and the signal component RD 
Which is delayed in the transmitter 2D alWays has the phase 
Which is the same as that of the signal component RB Which 
is not delayed in the transmitter 2D. For this reason, When 
the signal component RA and the signal component RB have 
opposite phases, the signal component RC and the signal 
component RD alWays have the same phases. As a result, the 
received signals do not o?fset each other completely so as to 
alWays remain. Precisely, in FIG. 7, the tWo signals of the 
signal component CA and the signal component CC are 
synthesiZed in the receiver. 

[0070] In the present embodiment, at least one of the delay 
amount and Weighting factors is set to a different value for 
adjacent transmitters so that the signal components do not 
o?fset each other. For this reason, the conventionally occur 
ring phenomenon that the ?ltered signal decays in a speci 
?ed area can be previously prevented. Moreover, in the 
present embodiment, even if the transmitters have respec 
tively one antenna, the effect Which is the same as that in the 
structure of the ?rst embodiment having many antennas can 
be produced. Further, since the delay can be set to not more 
than 1 symbol, the circuit siZe of the equalizer in the receiver 
can be reduced greatly as compared to the conventional one. 
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[0071] FIG. 8 is a diagram showing a concrete example in 
the case Where the transmitters in the communication system 
shoWn in FIG. 5 are replaced by base stations (correspond 
ing to base stations 31C and 32D in the drawing), and the 
receiver is replaced by a mobile station (corresponding to a 
mobile station 32), and the radio communication system of 
the present invention is applied to the communication 
betWeen the base stations and the mobile station. TWo base 
stations have been shoWn in FIG. 8 for convenience of 
explanation but the present invention is not limited to this. 
That is, three or more base stations may be used. Moreover, 
one antenna is shoWn in each of the base stations, but the 
present invention is not limited to this. That is, any number 
of antennas may be used. 

[0072] FIG. 9 shoWs a structure of the radio communica 
tion system according to a third embodiment of the present 
invention. The same legends are provided to parts of the 
structure Which are the same as those in the ?rst and second 
embodiments, and the explanation thereof is omitted. In 
FIG. 9, legend 2E represents a transmitter, legend 11C 
represents a ?rst signal ?ltering section, and legend 11D 
represents a second signal ?ltering section. The signal 
?ltering sections in the present embodiment are the same as 
that shoWn in FIG. 6 according to the second embodiment. 

[0073] The structure shoWn in FIG. 9 is only the ideal 
structure Which ful?lls all the important functions. For 
example, this function includes a case Where an up-convert 
ing process for converting a base band signal into RF 
frequency has been performed at the time of outputting from 
the modulators 4A and 4B, a case Where the process is 
performed after the delay process, or a case Where the 
process is performed after gain regulation and all these 
cases. Moreover, the antennas include a leakage coaxial 
cable or the like Which has the same function as a normal 
antenna. 

[0074] A difference betWeen the present embodiment and 
the second embodiment is that one antenna is provided to 
each of the tWo transmitters but the tWo signal ?ltering 
sections are provided to one transmitter so that the total 
number of the antennas is tWo. Therefore, in the present 
embodiment, at least one of the delay amount and Weighting 
factors in the signal ?ltering sections corresponding to a 
plurality of antennas provided to one transmitter is set to 
different values for the adjacent antennas. As a result, the 
same effect as that of the second embodiment can be 
produced. 
[0075] FIG. 10 is a diagram shoWing a concrete example 
in the case Where the transmitter in the communication 
system shoWn in FIG. 9 is replaced by a mobile unit 
(corresponding to a mobile unit 32A in the draWing), and the 
receiver is replaced by a base station (corresponding to a 
mobile station 31), and the radio communication system of 
the present invention is applied to the communication 
betWeen the base station and the mobile station. HoWever, in 
FIG. 9 and FIG. 10, tWo antennas are provided to each of the 

Mar. 13, 2008 

base stations, but the present invention is not limited to this. 
That is, any number of antennas may be used. 

INDUSTRIAL APPLICABILITY 

[0076] The radio communication system of the present 
invention is useful for radio communication systems includ 
ing a mobile phone and a portable telephone. Particularly, 
this system is suitable to a radio communication system 
Which should cover a Wide area in an environment that 
reception of a signal is di?icult such as a place Where signals 
from a plurality of base stations offset each other. 

1-12. (canceled) 
13. A radio communication system comprising: 

a plurality of transmitters each having at least one antenna 
for transmitting identical signals With the same fre 
quency band; and 

a receiver for receiving said signals, 

Wherein said signals supplied to the antennas are obtained 
by differently delaying modulated signals and carrying 
out Weighting synthesiZation on the signals, and 

Wherein at least one of a delay amount and a Weighting 
factor in each of said transmitters is set to a value 
different from the other transmitters. 

14. The radio communication system according to claim 
13, Wherein said receiver comprises an equalizer for 
demodulating a signal transmitted from at least one antenna 
in each of said transmitters. 

15. A radio communication system comprising: 

a plurality of transmitters, each having a plurality of 
antennas for transmitting identical signals With the 
same frequency band; and 

a receiver for receiving said signals, 

Wherein said signals supplied to said plurality of antennas 
are obtained by differently delaying modulated signals 
and carrying out amplitude regulation on the signals, 
and 

Wherein at least one of a delay amount and a value of 
amplitude regulation is set to different values in each of 
said transmitters. 

16. The radio communication system according to claim 
15, Wherein said receiver comprises an equaliZer for 
demodulating signals transmitted from said plurality of 
antennas. 

17. A transmitter characterized in that in the case Where a 
plurality of transmitters transmit same signals With same 
frequency band, at least one antenna is provided, signals 
Which are supplied to respective antennas are signals Which 
are obtained by differently delaying modulated signals and 
carrying out Weighting synthesiZation on the signals, and at 
least one of a delay amount and a Weighting factor is set to 
a value different from the other transmitters. 

* * * * * 


